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(54) COUPLING AGENT COMPOSITION 



(71) We, E. I. DU PONT DE 
NEMOURS AND COMPANY, a Corpora- 
tion organized and existing under the laws of 
the State of Delaware, located at Wilming- 

5 tion, State of Delaware, United 
States of America, do hereby de- 
clare the invention for which we pray that 
a patent may be granted to us, and the method 
by which it is to be performed, to be par- 

10 ticuilarly described in and by the following 
statement : — 

The present invention relates to coupling 
agent compositions and to products obtained 
by using them, 

15 Goupling agents have txa<Monally been 
applied to rdrrfoicing maitoriafe which are to 
be laminated to or composited with a plastics 
material. These coupling agents enhance the 
strength of the laminates or composites. It is 

20 generally recognized that the porformance 
of a coupling agent has a diirect bearing on the 
strength of a laminate or composite. There- 
fore, the development of new, more effective 
coupling agent is of paramount importance to 

25 the plastics industry. 

This invention relates to coupling agent 
formulations comprising metal; oxide coated 
colloidal silica sols and organoffunctional silanes 
as their two essential components; and to re- 

30 inforcing fillers coated with such formula- 
tions. 

£^n^im_organo functional silane complexes 



are well known in the plastics forming arts as 
excellent coupling agents for bonding organic 
resins to reinforcing filler materials. 35 

The reinf ordng filler materials used in the 
laminating and compositing arts can be treated 
with coupling agent formulations during, or 
subsequent no, their manufacture. 

Qaaipling agent formulations have tradi- 40 
tionally been applied to leiniforcing filler 
materials as either a "finish" or a "size". A 
finish solution .usually contains only a coupling 
agent formulation and an appropriate solvent. 
Such finismng solutions are usually applied to 45 
woven goods which are the preferred type of 
reinf orcmg material where maxamum strength 
laminates are desired or required. # 

A more economic amdS convenient method 
for applying the coupling agent to reinf ore- 50 
ing filler materials is the treatment of such 
materials with a size containing the coupling 
agents as an integral step in fiieir manufac- 
ture. The sizing solution, containing both 
coupling agents and other processing additives, 55 
is applied to the rdiiforcing -filler materials 
by spraying or padding techniques. Because 
the size is intended to perform a plurality 
of functions (for example, to bond multi- 
filamentous glass fibrils into coherent strands, 60 
to protect isuch materials from self-abrasion 
and ahemical degradation during handling 
and weaving, and to couple the ranfomng 
materials to the organic resins), it 



BNSDOCID: <GB 1 342787A_J_> 



2 



1,342,787 



can contain, and often does, several 
components in addition to the coupling 
agents. The classical sizing solution for glass 
fibres routinely contains organic resinous 

5 bonding agents, lubricants, anti-static agents, 
emulsiners, and coupling agents. 

Unfortunately, the effectiveness of the 
coupling agent is generally somewhat offset 
by the presence of the other size components. 

10 Apparently the various components of the size 
randomly coat reinforcing; filler material, leav- 
ing some sections of the materials devoid! of 
coupling agents and therefore causing incom- 
plete bonding of the reinforcing filler to the 

15 resin. 

We have discovered that the addition of a 
positively charged sol to a solution contain- 
ing a conventional organofunctdonal silane 
coupling agent in which the solvent is moiscible 

20 with the disperse phase of the sol substantially 
enhances the wetting of the reinforcing filler 
materials with the resins and also substan- 
tially reduces the amount of silane needed 
in such a formulation to achieve comparable 

25 or superior results. Use of the coupling agent 
formulation of the invention improves the 
strength of the reinforcing filler-resin laminates 
or composites, and provides laminates and 
composites of greater translucence than con- 

30 ventional coupling agents. 

Accordingly the present invention provides 
a coupling agent composition which com- 
prises: 

(A) (i) a silane of the formula: 

35 R n — SiX 4 _ n 

wherein each of the groups R, which may be 
the same or different, represents an alkyl 
radical having 1 to 18 carbon atoms, an 
alkenyl radical having 2 to 18 carbon atoms, 

40 a carboxyalkenyl radical having 3 to 1*8 car- 
bon atoms, an alkenylcarboxyalkyl radical 
having 4 to 18 carbon atoms, an amiihoalkyl 
radical having 1 to 18 carbon atoms, a mer- 
captoalkyl radical having 1 to 18 carbon 

45 atoms, an epoxy-substituted alkyl radical hav- 
ing 3 to 20 carbon atoms or an epoxy-sub- 
sMuted alkoxyalkyl radical having 4 to 20 
carbon atoms; each of the groups X, which 
may be the same or different, represents a 

50 halogen atom or a hydroxy, aiLkoxy of 1 to 6 
carbon atoms, aryloxy of 6 to 10 carbon atoms 
or amino radical; and n is an integer from 1 
to 3, and (H) a positively charged sol having 
a solids content of 5 to 50% by weight and 

55 comprising <x>Hoidal particles 2 to 100 milli- 
microns in size obtained by coating a silica 
core with a polyvalent-metal oxide, hydroxide 
or hydrated oxide; and (B) a reaction pro- 
duct of (i) and (ri). Preferably the weight ratio 

60 of silane (i) to sol solids is from 1 : 6 to 30: 1, 
especially 1:3 to 10: 1. A preferred embodi- 
ment of this agent is one in which each of 
the groups R which may be the same or differ- 



ent represents an alkyl radical having 1 to 18 
carbon atoms an alkenyl radical having 2 to 65 
18 carbon atoms, an alkenylcarboxyalkyl 
radical having 4 to 18 carbon atoms, an 
aminoalkyl radical having 1 to 18 carbon 
atoms, a mercaptoalkyl radical having 1 to 18 
carbon atoms or an epoxy-substituted alkyl 70 
radical having 3 to 20 carbon atoms. 

A particularly preferred embodiment of this 
invention is a coupling agent which comprises 
(A) (i) a silane of the formula 

R n — SiX a _ a 75 

wherein each of the groups R, which may be 
the same or different, represents an alkyl radi- 
cal having 1 to 18 carbon atoms, a carboxy- 
alkenyl radical having 3 to 18 carbon atoms, 
an alkenylcarboxyalkyl radical having 4 to 18 80 
carbon atoms, an aminoalkyl radical having 1 
to 18 carbon atoms, a mercaptoalkyl radical 
having 1 to 18 carbon atoms, or an epoxy- 
substituted alkyl radical having 3 to 20 car- 
bon atoms; each of the groups X, which may 85 
be the same or different, represents a halogen 
atom, or a hydroxy!, alkoxy of 1 to 6 carbon 
atoms, aryloxy of 6 to 10 carbon atoms, or 
amino radical and n is an integer from 1 to 
3, and (ii) a positively charged alumina coaled 90 
colloidal silica aquasol having a particle size 
of from 2 to 100 millimicrons and a solids 
content of 10 to 50% by weight and (B) a 
reaction product of (i) and (ii). In this em- 
bodiment the weight ratio of silane (i) to sol 95 
solids is 1 : 4 to 50: 1, especially 1 : 3 to 3 : 1. 
The silane used in this embodiment is pre- 
ferably y-memaciyloxj^ropyltrimemoxysilane, 
7--aminopropyltriethoxysilane or vinyltriethoxy- 
ailane. 100 

As used in this Spedfication the term 
"alkyl" is to be understood in its broad sense 
as including "cycloalkyF , , where the number 
of carbon atoms permits. 

The positively charged sols used comprise 105 
colloidal silica particles ranging in size from 
2 to 100 millimicrons. The particles have a 
silica core coated with a polyvalent-metal 
oxide, hydroxide or hydrated oxide herein 
after refened to as a polyvalent-metal-oxygen 110 
compound. Typical polyvalent metals which 
may be employed in these sols are aluminium, 
chromium, titanium, or zirconium. These sols 
are sitable on the acid side and have a high 
positive charge as opposed to the more tradi- 115 
tional silica sols which are negatively charged 
and stable primarily on the basic side. These 
sols contain from 5 to 50% by weight of 
solid. Poisitively charged coated coated colloidal 
silica sols having water as the disperse phase 120 
are described in detail in U.S. Patent Speci- 
fication No. 3,007,878. Sols having a disperse 
phase other than water, such as hydroxy-sub- 
stituted aikanes of 1 to 6 carbon atoms, may 
also be used. 125 

The compositions of this invention can be 
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incorporated into size and finish solutions which 
may or may not include otlher processing addi- 
tives, notably, organic resinous banding 
agents, lubricants, anti-static agents, and 
5 emulsifiers. 

The sizing and finishing compositions of 
the invention arc useful in preparing reinforce- 
ment filler materials for bonding to organic 
resins. 

10 The relative weight ratio of organotfunc- 
t tional silane to positively charged aquasol 
> solids in the coupling agent formulations of 
this invention are not critical but as a prac- 
tical matter will generaMy range from 1 : 6 to 

15 * 30: 1, preferably, from 1 : 3 to 10: 1. How- 
ever, the weight ratios of the respective com- 
ponents oif the composition will change upon 
their being admixed because positively charged 
silica sol and organofunctionail silane partly re- 

20 act to form a third, as yet unidentified, com- 
pound. 

Dimirnition in the concentration of organo- 
functional silane by limited addition of, or 
part replacement, by less expensive polyvalent- 

25 metal oxide coated silica sols will not result 
in a sacriice of bonding strength. Substitu- 
tion of 10 to 70% by weight of the organo- 
functional sailanes of conventional coupling 
agents by a polyvalent-metal oxide coated silica 

30 sol will yield comparable, and in some in- 
stances improved bonding strengths. The ob- 
servation of comparable or superior bonding 
capacity is believed to be attributable to a 
synergism between the two components; the 

35 positively charged colloidal silica sols having 
a greater affinity for the remforcemetit 
materials (most reinforcement materials being 
negatively charged), than silane alone and 
therefore causing more complete wetting of 

40 such mateiials with resins. The synergism is 
especially evident where the reinforoing 
materials are "low sodium*' glasses. 

Formulations having a ratio of a 30% solids 
positive aquasol to silane of about 3 are pre- 

45 ferred for the formulations of this inven- 
tion both from the standpoint of economics 
and performance. 

Coupling Agent Formulation Components 
The positively charged sols of this inven- 

50 don preferably are aquasols of positively 
charged colloidal particles consisting of a dense 
silica core coaited with a polyvalent metal- 
oxygen compound which is a metal: oxide, 
hydroxide, or hydrated oxide. The pH of the 

55 sols useful in this invention generally ranges 
from 2.5 to 7. Outside this range the sols tend 
to be unstable. The negatively charged col- 
loidal silica is coated with a ^sufficient amodnt 
of the metal-oxygen compound to impart a 

60 positive charge on the resulting colloidal 
polyvalent metal-oxygen compound coated 
silica. The metals useful for preparing these 
sols have a valence of 3 to 4. Examples are 
aluminium, chromium, titanium, and zir- 



conium. These sols are described on, for ex- 65 
ample, U.S. Patent Specification No. 
3,007,878. These aquasols are addic, have a 
particle diameter from 2 to 100 millimicrons 
and have from 5 to 50% solids. Miimina 
coated silica aquasols are preferred in the 70 
compositions of this invention. Other useful 
solvents are hydroxy-substituted alkanes of 1 
to 6 carbon atoms. 

Organofunctiional silane sdection is based 
on the readiness of the organofunctional silane 75 
to promote adhesion between filler and the 
specific resin. For example, garnrna-metlh- 
aciylyloxypirc^yltiimethoQcy-silane as one of 
the preferred coupling agents for glass-poly- 
ester composites or laminates. A gamma- 80 
aiumopiopyltxiemoxysilane agent coupling 
gives strong epoxy resin glass composites or 
laminates but gives 'inferior polyester glass 
composites or laminates. The general approach 
for selection of organofunctional salane is to 85 
match the organic portion of the molecule to 
-the resin being used in the composite or 
laminate. 

The preferred organofunctional salaries in 
these coupling agent formulations are gamma- 90 
methacrylyloxypropyltrimethoxysilane, 



CH 2 = G~ C\ 



O-(CH 2 )3-Si(0CH 3 ) 3 



vinyteiethoxysilane, 
gamma-ammopropyltxieih^ 

H 2 N-^(CH 2 )3— S^OQH^, 
vinyl-tris(2-methoxyethoxy) silane, 

CH 2 =CH— Si(CK^H 4 OCH3) ? , 
gamma-^yaidyloxypropy 



CH 2 -tH T CH 2 -QHCH 2 )3-Si(0CH 3 ) 3 



and beta - (3,4 
methoxysilarie 



0 /Q^y ( CH 2)2-Si(0CH 3 ) 3 



95 



- epoxycyclohexyl)ethyltri- 100 



Additives which have been traditionally 
added to sizes or finishes can also be used 
in conjunction with the coupling agent formu- 105 
lotions of this invention to make size and 
finish compositions. The primary purpose of 
these additives is not related to coupling the 
reinforcing materials to the resins but rather 
to the processing and handling of the re- 110 
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inforced materials themselves. 

The silane and the positively charged sol 
can be mixed directly with each other or 
they can be combined by adding them to an 
aqueous or a polar organic solvent which dis- 
solves the silane and is misoible with the dis- 
perse phase of the sol. The selection of an 
appropriate solvent will depend upon the 
relative solubility of all the various com- 
ponents in the formulation and the type of 
materials being sized or finished. It will be 
appreciated that the disperse phase of the sol 
and the solvent may be the same, eg. water. 
The organofunctionail silane concentration of 
the coupling agent composition can range from 
0.05 to 10.0 parts by weight of silane to each 
100 parts by weight solvent. As noted earlier 
the organofunctiional silanes and metal oxide 
coated silica sols partly react when admixed 
to form a third, as yet unidmlified, compound. 
After an initial reaction between components 
(i) and (ii) to form the third, component (B), 
the solution remains quite stable and has a 
relatively long pot life. 

The coupling agent compositions of tins in- 
vention can be incorporated into a size in 
place of the silane alone and applied to the 
reinforcing filler materials my any of the con- 
ventional sizing techniques. 

The coupling agent can also be applied in 
a finish to woven materials where fit may be 
the only functional component present. 

After coating of the reinforcing filler 
materials with a sizing or finishing solution 
the coated materials are dried, generally heat 
cured, for a period of from a few minutes 
to several hours depending on tine tempera- 
ture. The preferred drying temperatures range 
from 50 to 180°C. In general the time re- 
quired to complete polymerization of the 
composition will vary inversely with the tem- 
perature. 

A typical reinforcing material is a substance 
which when incorporated' into and coupled 
to the organic resins by the process of this in- 
vention enhances the strength and stiffness of 
the cured plastics material. The reinforcement 
materials of this mvention can be in the form 
of ravings, fabrics, continuous and dhopped- 
strand mat, chopped strands and milled fibres. 
Among the reinforcing materials used in the 
laminate or composite farming arts are fibres 
of pure fused silica, refractory aiuminosilicate, 
glass fibres, rock wool fibres, asbestos, sisal, 
cotton, quartz, glass microspheres, graphite 
and boron fibres and metal whiskers. 

As is evident from the list of common re- 
inforcing materials many of the substances 
are quite distinct in their physical character- 
istics, (density, surface area and porosity). The 
physical characteristics of the reinforcement 
materials will determine the amount of 
coupling agent formuiaiiBon adsorbed' or 
absorbed and therefore the .relative strength 
of the bond between the coupling agent and 



the reinforcement materials. The amount of 
coupling agent actually present on the reinforc- 
ing materials can be controlled by regulat- 
ing the wet weight pick-up, the concentration 
of the essential components in the formula- 70 
tion, and by controlling the amount of sur- 
face area of the reinforcing material. The 
concentration of components (i) and (ii) and 
(B) of the coupling agent formulation on the 
reinforcing materials will range from 0.01 to 75 
20.0% by weight of such materials. Prefer- ' 
ably the amount of coupling agent will not 
exceed 0.25 to 10.0% of the weight of the 
reinforcing materials. Low surface area and - 
low porosity materials, such as glass fibres, 80 
pick up relatively low amounts of these 
coupling agent formulations. 

Non-reinforcing filler materials can also be 
incorporated into the resinous composites or 
laminates formed with the coupling agent 85 
fonmilations of this invention, either for 
reasons of economics (substitution of cheaper 
materials for expensive resins) or to impart 
colour or other properties to the plastics 
material. 90 

Among the more common of the non-re- 
inforcing filler materials which can be used 
are kaolin, talc, mica, chrysorile asbestos, 
alumina, zircon, zirconia, magnesium oxide, 
colloidal amorphous silica, attapulgite, 95 
wcillastonate, pearlite, flyash, calcium silicate, 
synthetic fillers and fibres, and in general any 
particulate refractory material. 

The amounts of reinforcing filler materials 
which can be incorporated into a resinous 100 
composite can vary from as little as 1 to as 
much as 90% by weight of the total composi- 
tion, depending on the relative density of the 
resin and the remforcing materials and on the 
method of fabrication. For example, filament 105 
glass fibre fitmctures can be prepared having 
extremely high loadings of glass relative to 
resin. The concentration of reinforcing fillers 
in the majority of the composites will range 
from 10 to 70% by weight of the total resin 110 
composite. 

The organic resins, as distinguished from 
the resinous bonding agents of the sizing 
formulations, are liquid, semi-solid or solid: 
materials produced by union (polymerization- 115 
or condensation) of a large number of mole- 
cules of one, two, or less frequently three, 
relatively simple compounds. The term "resin" 
as used herein embraces both the synthetic 
and chemically modified natural resins. These 120 
resins generally have low physical strengths, 
which are improved by forming composites 
with inert fillers. 

Thermoplastic resins which can be used 
to prepare composites with inert fillers and 125 
the coupling agent compositions of llhis in- 
vention include polycaibonainide resins, 
thermoplastic polyester resins, poly- 
Iglycol(dimethylterephthalate)] , polyacrylo- 
nitrile, linear and low density poly- 130 
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ethylene, polypropylene, poiybutadiene, poly- 
carbonates, polyptaenylene oxide, polysul- 
phones, polyvinyl chloride, polystyrene and 
polyurethane. 
5 Composites containing thermoplastics may 
be prepared by heating the thermoplastic and 
causing the thermoplastic to flow, thus wetting 
the filer or reinforcing material. The hot 
composite is cooled and tlhe composite be- 
10 comes stiff. If a thermoplastic composite is 
heated to the softening points of the poly- 
mer, the composite will be soft. 
7 Theamosetting resins which can be used 
to make laminates using the coupling agents 
15 of this invention include polyester resins which 
% are cross-linkable through vinyl unsaturation, 
such as maleic acid-glycol copolymers and 
combinations of these with styrene, epoxy, 
phenolformaidehyde, urea formaldehyde, mel- 
- 20 amine formaldehyde, polyimide, acrylic and 
methacrylic resins. The uncured thermosetting 
plastic syrup and the filler or reinforcing 
material are combined! and the mixture is heat 
cured. The resulting laminate becomes hard 
25 at the curing temperature. 

Treated reinforcment materials of (this in- 
vention may be used to reinforce various 
elastomers such as natural rubber, oil extended 
rubber and a variety of butadiene, styrene, 
30 acrylonitrile, and polyacrylate modifications 
of synthetic and natural rubber. 

The selection of the plastics material for a 
composite depends upon the end use of the 
composite. That is no one plastics matxsrial is 
35 used! for all appHcations. Glass fMed poly- 
ethylene offers inexpensive composites. Epoxy 
laminates are higihly chemical resistant. Poly- 
imiide laminates can be used for high tempera- 
ture appKcadon. 
40 The following Examples illustrate the pres- 
ent invention. Parts and percentages 
are by weight unless otherwise speci- 
fied. The sols used in the Ex- 
amples, are, unless otherwise stated, posi- 
15 tively charged sols having a solids content 
of 5 to 50% by weight and comprising col- 
loidal particles 2 to 100 imllimicTons in size 
obtained by coating a silica core with a poly- 
valent metal oxide, hydroxide or hydirated 
50 oxide. The silanes used in the Examples have 
the foTmula R n S*X 4 _ n as herembefore defined. 



Example 1. 
Mefthaciylyloxpropyltrie^ and a 30 

weight percent aqueous alumma-mcdified 
55 silica sol were added to 100 parts of water 



and this solution was stirred for one hour at 
a pH of 4.7. The alumin^modluied silica sol, 
prepared by mixing an aqueous solution of 
basic aluminium chloride with an 
aqueous silica sol, heating the mix- 60 
ture at 70°C. for 1 hour, and 
then adding magnesium oxide to raise the pH 
of the resulting sol to 4.4, contained 216% 
SiC 2 , 4% A1 2 0 3 , 1.4% CI, and 0.2% MgO, 
and had an approximate particle diameter of 65 
16 millimicrons. The total of the silane and 
alumina-modified siMca sol was 2 parts. The 
ratio of alumina-modified silica sol used per 
mole of silane is given in Table I. The water 
also contained 4 parts of a 55% aqueous 70 
emulsion of a polyvinyl acetate (Hvacet 81 — 
900, manufactured by E. I. du Pont de 
Nemours and Company of Wilmington, 
Delaware) and 0.1 part of a lubricant (Qrrasol 
(Registered Trade Mark) 220, purchased from 75 
ICI America Inc., Stamford, Conn.). The 
coupling agent formulation was prepared by 
adding the respective components to .the sol- 
vent sequentially, the particular order being 
unimportant. **0 

Heat cleaned glass cloth was dipiped into 
the coupling agent solution and after wring- 
ing out was dried in an oven. After cutting to 
proper length and width, me treated glass 
was ready for laminate fabrication. 85 

A 1/8 inch thick 12-ply laminate was pre- 
pared by placing a piece of the treated fabric 
on a puddle of polyester resin derived from 1 
mole of phthalic anhydride, 1 mole of maleic 
anhydride and 2.2 moles of propylene glycol 90 
esterified to an acid number of between! 30 
and 45. A polyester resin of this description 
is available under the trade name of "Para- 
plex" (Registered. Trade Mark) P — 4-3 manu- 
factured by Rohm and Haas of Philadelphia. 95 
One hundred parts of the polyester resin was 
catalyzed with 1 part of benzoyl peroxide. 
After the fabric had become wet by wicking 
the resin, an additional quantity of resin was 
poured on top of the fabric layer and another 100 
piece of fabric was added. This procedure 
is repeated until the laminate had 12 thick- 
nesses of glass fabric. The laminate was 
covered with cellophane '[Registered Trade 
Mark] and the excess resin and! air was re- 105 
moved by squeegeeing the laminate. 

After heat curing under pressure the lam- 
inate, was cut into test specimens. The test 
specimens are tested for flexural dry strength 
and short-term flexural wet strength after 2 110 
hours in boiling water. The results are tabu- 
lated below in Table I. 
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TABLE I 

Ratio 

Alumina Coated Silica Sol (parts) Flexural Strength (10 3 psi) 



Silane (parts) Dry 2 hr Boil 

0 79.3 71.4 

0.008 81.9 73.7 

0.015 83.8 75.2 

0.06 84.9 76.1 

0-15 84.0 75.5 

77.7 67.2 

0.6 75.6 59.0 

00 75.0 41.2 



of the raving sections are tied in the middle 
with a copper wire. These glass ravings are 15 
soaked in a polyester resin solution contain- 
ing 1.5 parts of benzoyl peroxide, 15 parts 
of sayrene and 135 parts of polyester resin. 
The soaked glass ravings are drawn into a 
4mm. glass tube and oven cured!. The rod 20 
laminates are removed from the glass tubes 
and cut into test specimens and tested for 
flexural dry strength and short term flexural 
wet strength after 2 hours in boiiMng wacer. 
The results are tabulated below in Table II. 25 



Example 2. 
Heat cleaned glass ravings are treated with 
a coupling agent solution containing X parts 

5 of (partly) hydroiyzed methacrylyloxypropyl- 
trlethoxysiiane (the mediacrylyloxypropyl 
group remsins in the hydralysed silane) and Y 
parts of the alumina coated silica sol of Ex- 
ample 1. Ihe solution also contains 2% of a 

10 55% aqueous emulsion of polyvinyl acetaDe 
and 0.1% of a lubricant. The ravings are 
wrung out and dried in an oven. The treated 
ravings are: cut into 30 inch pieces and 6 grams 



TABLE II 



X Parts 
Silane 


Y Parts 
Alumina Coated Silica 
Sol of Example 1 


Flexural Strength (10 3 psi) 
Dry 2 hr Boil 


0.25 


0 


179 


145 


0.25 


0.25 


194 


161 


0.10 


0.40 


187 


158 


0.50 


0 


178 


159 



m The results of this testing show that the 
silane concentration can be reduced to a fifih 
by replacing silane by an equal "amount of 
30 alumina coated silica sol and still maintain 
a given level of strength after 2 hours boiling. 

Example 3. 
Three different alumina coated positive sols 
containing silica particles having surface mole 



ratios of silica to alumina of 1 : 2 9 1 : 1, and 2:1 35 
were prepared and used in turn in the coupling 
agent solution as described in Example 2 (re- 
placing the sol used therein). The solution was 
applied to glass ravings as described tin Ex- 
ample 2. These glass rowings were used to 40 
prepare polyester rod composites. AH three 
of these different positive sols gave polyester 
glass rod composites of comparable strength. 
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Surface silica : Aluminium Fl( 



1 :2 
1 : 1 
2:1 



Example 4. 
The -staaTting materials (basic aluminium 
* chloride and colloidal silica sols) for the 

5 preparation of the positive sols described in 
Example 3 were added to the coupling agent 
bath described in Example 2 again replacing 
the sols used therein. The polyester glass 
composites prepared from rovings treated with 

10 a coupling agent solution conitaindng the start- 
ing materials, a hydrolyzed organofunctional 
silane as used m Example 2, polyvinyl acetate, 
and lubricant were not as strong as the lam- 
inates prepared with alumina coated silica 

15 sol, the offganoftmctional silane, polyvinyl 
acetate, and lubricant. 

Example 5. 
Heat cleaned glass cloth was treated with a 
coupling agent solution containing gamma- 
20 aminopiopyltriethoxysaane, polyvinyl acetate, 



Strength (10 3 psi) 



Dry 2 Hour Boil 



178 166 
182 154 
188 160 



lubricant and positive alumina coated silica 
sol. This treated glass cloth is used! to pre- 
pare an epoxy laminate. The epoxy resin is a 
reaction product of epichk*rothydrm and bis- 
phenol-A and a curing agent of meta- 25 
phenylenedaamine is used. After exposure to 
•boiling water for 72 hours, 'the laminates pre- 
pared from the coupling agent solution con- 
taining the alumina coated silica sol are much 
stronger than laminates prepared from an 30 
otherwise similar coupling agent solution but 
containing no alumina coated silica sol. 

Example 6. 
Using the method of Example 2 the amount 
of silane to give a desired level of reinforce- 35 
ment can be cut by 50% when positive sol is 
added to the coupling agent solution and when 
vinyltriethoxysilane is substituted for gamma- 
mechacTylyloxypra^ 



Positive Sol (%)* Vinyl Silane (%) Flexural Strength (10 3 psi) 

Dry 2 Hour Boil 



0.1 



* Size bath concentration 



0.1 
0.2 



182 
183 



147 
151 



Example 7. 
Glass filled polyethylene is made stronger 
by adding to the coupling agent solution a 
small amount of positive sol. Aside from the 

45 solvent and (the alumina coated siliica sol, the 
major constituent in die coupling agent solu- 
tion is tine ssilane. Besides enhanced! strength 
after exjposure to boiling water, the coupling 
agent solution with the Mumiina coated silica 

50 sol impart further properties jco -tine glass which 
are advantageous in the formation of glass 
filled polyethylene. The glass with the alumina 
coated siliica sol coating allows easier forma- 
tion of -the glass 'Med polyethylene, that is, 

55 there is faster wet-out of the glass fibres and 
a lower working temperature. A similar effect 
is observed when reinforcing polyvinyl 
chloride with alumina coated silica sol treated 
glass. 



Example 8. 
Asbestos treated with the coupling agent 
solution described in Example 1 and with an 
aluniiniium {as A1 2 0 3 ) to silane ratio of 0.2 
gave a treated asbestos product which is easily 
dispersed in polyester resin. When the alumina 
coated silica sol is not present an the coupling 
agent solution the asbestos does not disperse 
as easily in the polyester resin. Larninates pre- 
pared from polyester resin and the treated 
asbestos were strong. The asbestos treated with 
alumina coated silica sol containing solution 
gives the stronger laminate. 



60 



65 



70 



Examples 9— 15. 
The following Examples demonstrate the 
wide utility of a .alane-aluinma; coated siliica 75 
sol coupling agent of the invention over the 
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use of a silane by itself. In ail of these Ex- obtained from the invention, the materials 
amples the coupling agent solution contain- coated with the coupling compositions con- 
ing both silane and alumina coated silica sol raining alumina coated silica sol are easier to 
gives stronger composites or laminates than process and give composites and laminates of 10 
5 the coupling agent solutions containing only brgjher clarity. The reinforcing agent and 
silane. In addition to the stronger laminates resins used are given in the Table below. 



TABLE 3 



Example 


Reinforcing Agent 


Resin 


9 


glass microspheres 


polypropylene 


10 


mica 


polyester 


11 


mica 


polyimide 


12 


graphite fibres 


epoxy 


13 


glass rovings 


polystyrene 


14 


glass cloth 


polycarbonate 


15 


cotton 


urea formaldehyde 



WHAT WE CLAIM IS: — 
15 L A coupling agent composition which 
comprises 

(A) (i) a silane of the formula: 
R a — SiX M 

wherein each of the groups R» which may be 

20 the same or different, represents an alkyl radi- 
cal having 1 to 18 carbon atoms, an alkenyl 
radical having 2 to 18 carbon atoms, a carb- 
oxyalkenyl radical having 3 to 18 carbon 
atoms, an alkenyicarboxyalkyi radical having 

25 4 to 18 carbon atoms, an aminoalkyl radical 
having 1 to 18 carbon atoms, a mercaptoalkyl 
radical having 1 to 18 carbon atoms, an epoxy- 
substituted alkyl radical having 3 to 20 carbon 
atoms or an epoxy-substituted alkoxyalkyl 

30 radical having 4 to 20 carbon atoms; each of 
the groups X which may be the same or 
different, represents a halogen atom or a 
hydroxy, alkoxy of 1 to 6 carbon atoms, aryi- 
oxy of 6 to 10 carbon atoms or amino radical; 

35 and n is an integer from 1 to 3, and (M) a 
positively charged sol having a solids content 
of 5 to 50% by weight and comprising col- 
loidal particles 2 to 100 millimicrons in size 
obtained by coating a silica core with a poly- 

40 valent-metal oxide, hydroxide or hydrated 
oxide; and (B) a reactron product of (i) and 
(ii). 

2. A composition according to claim 1 
wherein the disperse phase of the sol (ii) is 

45 water or a hydmxy-subsrtiftuted alkane of 1 to 
6 carbon atoms. 

3. A composition according to claim 1 or 
2 wherein the sol has a pH of 2.5 to 7. 

4. A composition according to any one of 



the preceding claims wherein the polyvalent 50 
metal is aluminium, dhromium, titanium or 
zirconium. 

5. A composition according to claim 4 
wherein the {positively charged sol (it) is an 
alumina coated colloidal silica aquasoL 55 

6. A composition according to any one of 
the preceding claims wherein the silane (i) is 
gamma - ^yddyloxypropyltrimethoxysilane, 
gamma - methacrylyloxypropyta^ 

silane, vmyltriethoxysilane, gamma-ammo- 60 
propylttiethoxysilane, beta - (3,4 - epoxycyclo- 
hexyl)ethyltrimethoxysilane or vinyltris (2- 
methoxyethoxy)silane. 

7. A composition according to any one of the 
preceding claims which contains a solvent for 65 
the silane which is miscible with the disperse 
phase of the sol, there being 0.05 to 10.0 parts 

by weight of silane per 100 parts by weight 
of the solvent. 

8. A composition according to any one of 70 
tine preceding claims wherein the weight ratio 

of silane (i) to sol solids is from 1:6 to 
30:1. 

9. A composition according to claim 8 
wherein the weight ratio is 1 : 2 to 10: 1. 75 

10. A composition according to any one of 
cla;ms 1 to 7 wherein each of the groups R 
which may be the same or different represents 
an alkyl radical having 1 to 18 carbon atoms, 

an alkenyl radical having 2 to 18 carbon atoms 80 
an alkenyicarboxyalkyi radical having 4 to 18 
carbon atoms, an aminoalkyl radical having 1 
to 18 carbon atoms, a mercaptoalkyl radical 
having 1 to 18 carbon atoms or an epoxy-sub- 
stituted alkyl radical having 3 to 20 carbon 85 
atoms. 

11. A composition according to claim 10 
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wherein the positively charged sol is an 
aquasol and wherein die weight ratio of silane 
(i) to sol solids is from 1 : 6 to 30: 1. 

12. A composition according to claim 11 
5 wherein the weight ratio is 1 : 3 to 10: 1. 

13. A coupling agent composition' which 
comprises (i) a silane of the formula 

Rn— •SiX A _ n 

k wherein each of the groups R, which may be 
10 'the same or different, represents an ailkyl radi- 
cal having 1 to 18 carbon atoms* a carboxy- 
alkenyl radical having 3 to 18 carbon atoms, 
* an alkenylcarboxyalkyl radiical having 4 t?o 1'8 
carbon atoms, an aminoalkyl radical having 
15 1 to 18 carbon atoms, a mercaptoalkyl radical 
having 1 to 18 carbon atoms or an epoxy- 
substituted alkyl radical having 3 to 20 carbon 
atoms; each of the groups X, which may be 
the same or different: represents a halogen 
*20 atom, or a hydroxyl, alkoxy of 1 to 6 carbon 
atoms, aryloxy of 6 to 10 carbon atoms or 
amino radical and n is an integer from 1 to 
3, and (ii) a positively charged alumina coated 
colloidal silica aquasol having a particle size 
25 of from 2 to 100 millimicrons and a soHds 
content of 10 to 50% by weight and (b) a re- 
action product of (i) and (ii). 

14. A composition according to claim 13 
wherein the weight ratio of silane (i) to sol 

30 solids is 1 : 4 to 50: 1. 

15. A composition according to claim 14 
wherein the weight ratio is 1 : 3 to 3 : 1. 

16. A composition according to any one of 
claims 13 to 15 wherein the si lane is y-meth- 

35 acrylyloxypropykrimethoxysilane, y-amino- 
propyltriedioxysilane or vinylmethoxysilane. 

17. A composition according to claim 1 
substantially as described herein. 

18. A composition according to claim 1 
40 substantially as described in Example 2 or 6. 

■19. A composition; according to claim 1 
substantially as described in any one of Ex- 
amples 1, 3 to 5 and 7. 

20. A process for coating reinforcement 
45 material for an organic resin which comprises 

(a) coating the reinforcement material with 
a coupling agent composition as claimed in 
any one of claims 1 to 9 and 17, the amount 
of the composition being such that there is 0.01 

50 .to 20.0% by weight of (A) and (B) based on 
the weight of the reinforcement material and 

(b) heating the coated material. 

21. A process according to claim 20 where- 
in the reinforcement material is fibreglass. 

55 22. A process for coating reinforcement 
material for an organic resin which comprises 
(a) coating the reinforcement material with a 
coupling agent composition a® claimed in any 
one of claims 10 to 12 and 1$, the amount 

60 of the composition being such that there is 
0.01 to 20.0% by weight of (A) and (B) based 



on the weight of the enforcement material 
and (b) heating the coated material. 

23. A process according to claim 22 where- 
in die reinforcement material is fibreglass. 65 

24. A process for coating reinforcement 
material for an organic resin which comprises 
(a) coating the reinforcement material with a 
coupling agent composition as claimed in any 
one of claims 13 to 16 and 19, the amount 70 
of the composition being such that there is 

0. 01 to 20.0% by weigjit of (A) and (B) 
based on the weight of the reinforcement 
material and : (b) heating the coated material. 

25. A process according to claim 24 where- 75 
in the reinforcement material is fibreglass. 

26. A process according to claim 20, 22 or 
24 substantially as hereinbefore described. 

27. A process according to claim 24 sub- 
stantially as described in any one of Examples 80 

1, 3 to 5 and 7. 

28. A process according to claim 22 sub- 
stantially as described in Example 2 or 6. 

29. Reinforcement material for an organic 
resin whenever coated by a process claimed 85 
in claim 20, 21 or 26. 

30. Reinforcement material for an organic 
resin whenever coated by a process claimed in 
claim 22, 23 or 28. 

31. Reinforcement material for an organic 90 
resin whenever coated by a process claimed in 
claim 24, 25 or 27. 

32. A process for coupling an organic resin 
to reinforcement material therefor which com- 
prises contacting reinforcement material as 95 
claimed in any one of claims 29 to 3-1 with 

the organic resin. 

33. A process according to claim 32 where- 
in the organic resin is any one of those speci- 
fically identified herein as such. 100 

34. A process for coupling an organic resin 
to rdnfoitemenit maiterial therefor which com- 
prises contacting reinforcement maiterial as 
claimed in claim 30 with the organic resin. 

35. A process for coupling an organic resin 105 
to reinforcement material therefor which com- 
prises contacting reinforcement material as 
claimed in claim 31 with die organic resin. 

36. A process according to claim 3'2 sub- 
stantially as hereinbefore described. 110 

37. A process according to claim 32 sub- 
stantially as described in any one of Examples 
1, 3 to 5 and 7 to 15. 

38. A process aiccording to claim 32 sub- 
stantially as described in Example 2 or 6. 115 

39. Organic resin coupled to reinforcement 
material therefor by a process claimed in any 
one of claims 3'2, 33 or 36. 

40. Organic resin coupled to reinforcement 
material therefor by a process claimed in claim 120 
34 or 38. 

41. Organic resin coupled to reinforcement 
material therefore by a process claimed in 
claim 35 or 37. 
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